Renal function can be impaired in cancer patients treated with cisplatin. Currently, serum creatinine is used to diagnose renal dysfunction. This study aims to determine the efficacy of serum cyatatin C and ceratinine in contrast to the 24-hour urine creatinine clearance [CrCl] as the gold standard method in diagnosis of renal dysfunction in cancer patients under treatment with cisplatin. Seventy patients under treatment with cisplatin included. Serum cystatin C and creatinine were measured. CrCl in 24-hour urine was calculated. Measurements were done two times; before initiation of chemotherapy and before the fourth cycle of the chemotherapy. Then, using Receive Operating Curve [ROC] curve and at different cut-off points, sensitivity, specificity, positive predictive value [PPV], and negative predictive value [NPV] of both cystatin C and creatinine to detect renal dysfunction were calculated. 24-hour urine CrCl was the gold standard method to define renal dysfunction. Sensitivity and specificity values of cystatin C of > 1.28 mg/L to predict CrCl< 78 mL/min were 77% and 95%, respectively. PPV and NPV of cystatin C were 95% and 79%, respectively with a diagnostic accuracy of 86%. On the other hand, sensitivity and specificity of creatinine were 64% and 47%, respectively. Serum cystatin C concentration had better sensitivity, specificity, PPV, and NPV compared to creatinine in detection of early stages of renal dysfunction in cancer patients under treatment with cisplatin. This marker can be used as an effective screening method in such patients to find renal dysfunction at its early stages.
INTRODUCTION
One of the concerns encountered in treatment of cancer patients with chemotherapy agents like cisplatin is the early diagnosis of renal function disorder. [1] [2] [3] In 1974, renal function disorder following treatment with cisplatin was reported for the first time. 2 Currently, serum creatinine is used to diagnose renal function disorder. However, this laboratory test cannot diagnose the early stages of renal dysfunction. And until the time when the creatinine clearance [CrCl] reaches < 70 ml/min, we cannot see remarkable changes in serum creatinine level. On the other hand, serum creatinine level is affected by various factors including age, gender, the amount of protein consumption, muscular mass, inflammation, and some medications such as cimetidine, trimethoprim, etc. 1, 3, 4 If renal dysfunction is not diagnosed at early stages and treatment with cisplatin continues, it can result in renal failure and ultimately death of patient may occur. 3, [5] [6] [7] One of the laboratory markers proposed for early diagnosis of renal dysfunction is serum cystatin C level. Regarding this fact that this marker is not secreted by the kidney and is not reabsorbed to the blood stream after complete glomerular filtration, this marker is close to the ideal endogenous marker and also it is not changed by external factors. 3, 4, 8 For the first time, cystatin C and its application was reported by Stabuc et al. in patients who were treated by cisplatin and it was reported that it has a higher efficacy compared to serum creatinine. 3 In our country, this method has not been studied yet.
Regarding the high prevalence of patients who are receiving cisplatin chemotherapy, this study was carried out with the objective of determining the efficacy of cystatin C and serum ceratinine compared to the standard renal function assessment (i.e., 24-hour urine CrCl) in the diagnosis of renal dysfunction.
MATERIALS AND METHODS
In this diagnostic clinical trial, all patients whose cancer diagnosis had been confirmed by histopathology examination and chemotherapy with cisplatin was indicated and met the inclusion criteria were entered into the study. Inclusion criteria consisted of cancer patients who were candidate for chemotherapy with cisplatin (alone or in combination chemotherapy) with a dosage of 50-100 mg/m 2 and who aged 25-65 years and had normal serum creatinine, blood urea nitrogen [BUN] , and cystatin C. Exclusion criteria were age> 65 years, renal failure (i.e., CrCl ≤ 60 cc/min), taking medications including diuretics, cimetidine, trimethoprim, triamteren, combination chemotherapy of cisplatin with other nephrotoxic chemotherapeutic agents, prior kidney radiotherapy, or metastatic cancer.
In all patients (70 patients) in two time points (before initiation of chemotherapy and before the fourth cycle of the chemotherapy), serum creatinine and cystatin C were measured and 24-hour urine CrCl was calculated. The patient poured out, in the morning of the first day, the first urine sample and then started to collect his/her urine for 24 hours until the morning of the next day. In the morning of the second day, while in the fasting state, five cc of clotted blood was obtained to determine serum concentration of creatinine and cystatin C. The blood sample was then sent to the laboratory under standard conditions. Serum creatinine was measured with Pars Azmoon kit using Cobasmira RI 1000 instrument. Cystatin C was measured by Dako cystatin C PET kit with turbidimetry method [PETIA] .
24-hour urine CrCl was calculated using the following formula:
Urine creatinine (mg/dL) × 24-hours urine volume (ml/min) The proposal of this study was approved by the Ethics Committee for Research of our medical university.
RESULTS
Totally, 70 patients participated in this study with a mean (±SD) age of 51 (±11) (median= 54, range= 25 to 65) years. Among them, 38 patients were male (54%). Thirty-five patients had CrCl of 60- In Table 2 , changes of body mass index [BMI], CrCL, serum creatinine, and serum cystatin C concentrations before and after chemotherapy are presented. As shown, except for serum creatinine, a significant change was seen in other factors. International Journal of Hematology and Oncology
In Figure 4 , ROC curve which demonstrates the sensitivity and specificity of cystatin C and creatinine in predicting the creatinine clearance < 78 at different cutoff points is presented. The area under the curve for cystatin C was 0.891 (95% CI= 0.837 to 0.946) and for creatinine it was 0.590 (95% CI= 0.496 to 0.684). Table 3 shows the diagnostic accuracy of cystatin C in prediction of CrCl< 78 mL/min. The cut-off points were derived from the ROC based on both pre-and post-chemotherapy results. Sensitivity and specificity of cystatin C were 77% and 95%, respectively to predict CrCl< 78 mL/min. PPV and NPV were 95% and 79%, respectively. Sensitivity and specificity of creatinine were 64% and 47% respectively, and PPV & NPV were 56% and 55%, respectively.
Totally CrCl in 7 (10%) patients changed from "≥ 78 cc/min" into "< 78 cc/min". On the other hand, based on the serum creatinine, 9 (13%) patients showed unsatisfied changes and based on serum cystatin C 3 (4%) patients showed this renal function deterioration (i.e., CrCl< 78 cc/min). The accuracy of serum creatinine and cystatin C in the diagnosis of CrCl changes are shown in Table 4 ,5.
DISCUSSION
According to the obtained result, PPV of serum creatinine was 56% and NPV was 55%. For serum cystatin C, PPV and NPV were 95% and 79%, respectively. Stabuc et al. 3 in 2000 studied 60 patients with combined chemotherapy with cisplatin to predict CrCl reduction. Serum cystatin C, creatinine, and 24-hour urine CrCl were measured before chemotherapy and also before the fourth cycle of the chemotherapy. They reported that compared to creatinine, cystatin C showed a better significant association with GFR (r= 0.84 vs. 0.74; P= 0.01). was more efficacious compared to creatinine. The limitation of this study is that they did not report other chemotherapeutic agents used with cisplatin which may be nephrotoxic.
Macisaac et al. 8 investigated the accuracy of serum cystatin C and creatinine for diagnosing mild/ moderate chronic renal disease in 251 diabetics was studied. They used TC 99 DTPA as the standard method of renal function assessment. They reported that in mild chronic renal disease (CrCl< 90 mL/min), serum cystatin C had a higher diagnostic accuracy compared to creatinine. They concluded that for screening purposes in mild renal dysfunction in diabetic patients, serum cystatin C can be used. Since they used TC 99 DTPA as the standard method for renal function assessment their study is high valid enough, but this method is costly. Narvaez et al. 9 in 2008 studied serum cystatin C with the objective of substituting this marker instead of serum creatinine to diagnose and monitor renal function in children; 109 children who aged < 18 years to estimate GFR with two methods of serum creatinine and cystatin C compared to standard method (TC 99 DTPA). They noted that to predict GFR < 70 m/min, serum cystatin C had a sensitivity of 100% and specificity was 48%. But serum creatinine had a sensitivity of 77% and specificity of 91%. They concluded that serum creatinine can be replaced by cystatin C to monitor renal function in pediatric patients.
Various studies have been done to determine an ideal method to estimate GFR and various standard renal function assessment methods were used in these studies including 24-hour urine CrCl, inulin, and TC 99 and the association of serum cereatinine and cystatin C with the standard methods was evaluated. In all studies, cystatin C was superior to serum creatinine at estimation of early stages of renal dysfunction. [10] [11] [12] [13] [14] [15] [16] [17] In contrast to what we observed here, in a study to determine the correlation Table 3 . Diagnostic accuracy specification of cystatin C and creatinine in prediction of Crcl< 78 the cut off were derived from the Roc Curve based on both pre and post results International Journal of Hematology and Oncology of serum cystatin C levels with the serum creatinine levels and GFR and to examine potential use of cystatin C for prediction of the renal function changes in patients who received cisplatin-based chemotherapy, the authors reported that although there was a statistically significant correlation between the serum levels of cystatin C and creatinine before initiating chemotherapy, no correlation was found between level of cystatin C subsequent to the cisplatin infusion and serum creatinine level following the third course of chemotherapy.
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In patients with minor reduction in renal function, since cystatin C is not secreted by the kidney after glomerular filtration and is not reabsorbed to the blood stream is close to endogenous ideal marker and provides more information than serum creatinine. 3, 4 Also, creatinine is affected by non-renalrelated factors but cystatin C is not affected by external factors such as age, gender, muscular mass, diet, and inflammation. 1, 3, 5 The concept of application of cystatin C in chemotherapy patients may not necessarily be generalizable to other chemotherapeutic agents. For instance, in a study on patients with ovarian cancer who received paclitaxel plus cisplatin, it was reported that cystatin C is not a reliable marker of the GFR in ovarian cancer patients. 19 Kume et al. 20 in their study on esophageal cancer patients who received cisplatin reported that concentration fluctuations in serum cystatin C concentrations are unlikely to correlate with platinum elimination from the plasma. Therefore, renal function estimates according to measurement of serum cystatin C may be underestimated during perioperative cisplatin-based chemotherapy for esophageal cancer.
The limitations we encountered were low sample size and not considering some other factors like diet which can affect CrCl. We also were not able to follow the cases for a longer time to examine the long term effects of cisplatin. We recommend International Journal of Hematology and Oncology that in future studies, these issues should be considered for a better clarification of cystatin C role in defining renal dysfunction in patients treated by cisplatin.
It seems, according to our results, that serum cystatin C concentration can be applied to diagnose early stages of reduced renal function but serum creatinine cannot be used. Regarding difficulties in collection of urine in the method of 24-hour urine CrCl, serum cystatin C concentration can be used as a screening method for detection of reduced renal function before chemotherapy with nephrotoxic agents such as cisplatin and its dose modification as a substitute for CrCl. 
